Anaesthetists have an important role in preventing nosocomial infection. Failures in this role have resulted in critical reports in the media. We ascertained the current practices of New Zealand anaesthetists relating to infection control, by distributing a questionnaire to all 450 anaesthetists practising in New Zealand. Sixty-one percent responded.
Anaesthetists have an important role in preventing nosocomial infection, and studies have documented the transfer of blood-borne viruses from one patient to another during anaesthesia (for example, after re-use of multi-dose vials without appropriate precautions) 1, 2 . Poor practice in this regard by even a single anaesthetist has the potential to put a large number of patients at risk. In a recent incident in New Zealand, which received considerable media coverage, it was necessary to notify 590 patients that they may have been exposed to hepatitis or human immunodeficiency virus (HIV), because an anaesthetist had allegedly reused disposable syringes 3 . In addition to putting patients at risk, such an incident may result in serious legal consequences for the anaesthetist.
Anaesthetists frequently trespass the body's normal physiological barriers by intubating airways, gaining intravenous access or performing regional blockade. A study in Japan indicated that if five to ten patients are anaesthetised in a day, at least one might be a source of viral or bacterial infection of some kind 4 . two mechanisms by which cross-infection between patients can occur are viral and bacterial transmission via re-use of multi-dose vials 5, 6 and the growth of organisms (both pathogenic and non-pathogenic) on anaesthetic equipment (i.e. laryngoscopes 7 , bougies 8 or the anaesthetic record itself 9 .) In addition, anaesthetists may themselves harbour a variety of pathogenic organisms.
the re-use of items that have been labelled 'single use' is a matter of particular concern. the use of the same syringe for more than one patient has considerable potential for transmission of blood-borne viruses and bacteria [10] [11] [12] . A survey of a random sample of 493 members of the American Society of Anaesthesiologists, reported in 1995, revealed that 20% of respondents frequently or always re-used syringes for more than one patient 13 . A comparable study reported in 1999 in the U.K. showed similar hazardous practices 14 .
the current national survey was undertaken following publicity surrounding media reports of the re-use of disposable syringes in New Zealand. We aimed to describe current practices relating to infection control, as reported by anaesthetists practising in New Zealand.
MetHODS
We developed a two-page questionnaire, derived from one used in a previous study of the prevention of perioperative transmission of infection 13 . this questionnaire is available from the corresponding author, and individual questions are apparent from our results. After obtaining ethics committee approval, the questionnaire was included with the October 2000 edition of New Zealand Anaesthesia and Perioperative Medicine, a newsletter distributed to all practising anaesthetists in New Zealand. Selfaddressed envelopes were provided to facilitate replies, which were anonymous. Data were entered into a Microsoft excel spreadsheet (Microsoft Corporation, Cupertino, U.S.A.) and validated by a second person, who compared the spreadsheet with the original questionnaires, for a random selection of 10% of all entries.
ReSULtS
Of the 450 questionnaires distributed, 274 (61%) were returned. two anaesthetists who indicated that they were no longer practising in New Zealand were excluded.
Demographics
two hundred and six respondents (75.7%) were consultants, 53 were registrars (19.5%) and nine were non-training registrars (3.3%).
Respondents ranked the potential risk of the anaesthetist contributing to transmission of infectious agents (on a scale from 0 to 10, where 0 was no risk and 10 was the highest risk) as: median 7, mode 10 and interquartile range 4 to 8.
One hundred and forty respondents (51.5%) had never read their hospital's policy on infection control. eighty-eight (32.4%) had never read the relevant Australian and New Zealand College of Anaesthetists (ANZCA) policy document. Only 22 (8.1%) had read their hospital's policy, and 38 (14%) the ANZCA policy, within the preceding six months.
The use of universal precautions
In theatre, 39% of respondents rarely, and 1.5% never, wore a mask, while 15% rarely, and 0.7% never, wore gloves. Contaminated gloves were rarely changed by 3.4%, and never changed by 0.8% of respondents (table 1) .
Drugs
Details are shown in tables 1 and 2. A very small minority of respondents (2.2%) reported that they ('rarely') used the same syringe to administer drugs to more than one patient. Many respondents split one drug ampoule (86.3%), or one multi-dose vial (41.3%), between more than one patient. this practice commonly involved fentanyl (in 500 mg ampoules), propofol, midazolam and ketamine, and less commonly alfentanil, morphine, local anaesthetics, metaraminol, nondepolarizing muscle relaxants, hyalase, clonidine, antibiotics, water, saline, glyceryl trinitrate, thiopentone, esmolol and ondansetron. A safe approach to splitting vials and ampoules (i.e., dispensing the entire contents into separate syringes at the outset of a list) was reported by 33.5% of respondents in respect of vials and 38.9% in respect of ampoules. Alternative approaches included drawing up contents into syringes as required (37.1% and 44% for vials and ampoules respectively); using each approach some of the time; various other techniques (not all of which were described); and in a few cases no response was provided. One hundred and ten respondents used alcohol to wipe a multi-dose vial before aspirating its contents; of these 80 (72.7%) would wipe before each aspiration and 27 (24.5%) would only wipe once, after the vial was opened. three responses (2.7%) were unspecified or unclear.
Six respondents (2.2%) re-used pre-filled syringes for more than one patient. Of these six, two changed the intravenous connector, one changed the tubing and three changed both between patients.
Breathing circuits, filters, temperature probes
breathing circuits were changed at the end of a list (41.2%), at the end of a day (41.9%) or when indicated because of contamination or the development of holes (5.9%). breathing filters were changed between every patient (97.1%), at the end of the list (1.5%), or at the end of the day (0.4%) (table 3) . Forty-eight (18%) anaesthetists reported re-using temperature probes. twenty-seven (56.3%) of these respondents stated that the probes were cleaned by sterilizing; nine (18.8%) said they were disinfected and two (4.2%) said they were decontaminated. three (6.3%) used a disposable rubber condom, which was replaced after each use, on the probe. Five (10.4%) stated that they didn't know, four (8.3%) stated that the probes were disposable and two did not respond (4.2%).
Intravascular cannulation and regional blockade
the Australian and New Zealand College of Anaesthetists policy on infection control 15 recommends the use of gloves when performing vascular cannulation and 85.7% of respondents complied. this guideline recommends full aseptic technique (i.e., a sterile gown, gloves and drapes) when performing central vascular cannulation and 77.4% respondents complied. Similarly, full aseptic technique is recommended when performing regional blockade and 65.1% reported that this is their practice. the re- 
Comments on using a clean tray for drawing up drugs
Depends upon contamination 1 Not available at hospital 4 Don't use a tray 2 Use part of anaesthetic machine and a clean paper towel 4 Use common tray for all drugs and then allocated these to each patient 3 mainder omitted some, or all, of the requirements recommended in the guideline (table 4) .
Free comments
Various opinions and some explanations for the specific responses described above emerged from the free comments (tables 5-7).
DISCUSSION
Our results suggest that most respondents believe the anaesthetist has the potential to contribute to nosocomial infection. they also suggest that most anaesthetists who responded to the survey adhere to relevant guidelines for infection control, but disturbingly, a minority do not. Insights into the reasons why this minority might not follow guidelines are provided by the free comments.
the 61% response rate for this survey compares favourably with that of similar postal surveys in New Zealand 16 and the United Kingdom (U.K.) 14 . Nevertheless, we can infer nothing about the practices of the 39% of anaesthetists who did not respond.
tait and tuttle 13 found that anaesthetists who had read the universal precaution guidelines from the Centre of Disease Control were more likely to have good hygienic practices. It is therefore disappointing that only a relatively small proportion of respondents had read their hospital's policies or that of the ANZCA in the preceding six months, and the majority had never read them at all. this raises an interesting question about the value of such policies, and emphasises the need to promulgate them more effectively. the fact that some anaesthetists never wear masks (1.5%), gloves (0.8%), or eye protection (27.2%); or wash their hands between patients (1.1%), is worrying. this is especially so given a well-documented case of transmission of hepatitis C from a patient to an anaesthetic assistant and then to five patients, following similar breaches of infection control 2 .
the risk of exposure to blood should not be underestimated. A study in the U.K. found that blood from 35 patients caused skin contamination of 65 staff during 46 incidents, all during a single week 17 . Up to 51% of anaesthetic records may be contaminated with blood products 18 . Our finding that 15.1% of respondents reported wearing gloves 'rarely', while 30.6% did so always, is similar to a North American study 13 in which gloves were rarely used by 12.7% of respondents, and always used by 49.4%. the results contrast with those from an older study from the U.K. in which 42.1% of respondents rarely, and 14.5% always, wore gloves 14 .
the failure to change contaminated gloves before making contact with anaesthetic equipment was another problem area identified by our survey. While almost 59% of respondents always, and 38.7% frequently, changed gloves, 3.4% reported changing gloves only rarely. It was acknowledged by many respondents that it was ideal to avoid handling equipment if gloves were contaminated, but many mentioned that they often forgot to do so, or that clinical exigency preventing them from doing so.
the fact that only 57.4 % of respondents reported always washing their hands between cases is comparable with 50% reported in both the North American and U.K. studies 13, 14 . However, it falls well short of desirable standards for preventing cross-infection, particularly when such a simple and inexpensive procedure can effectively minimize transmission of viruses and other pathogenic organisms in the clinical setting 18 .
Our results related to the re-use of syringes are an improvement on those reported in earlier studies 13, 14, 19 , but we were surprised that a small number of respondents still do this (although they said they did so 'rarely'). this practice carries a considerable risk of transmitting blood-borne infections 10 and a number of respondents commented that syringe re-use is no longer acceptable. the continued re-use of syringes may be partly due to persistence of the misconception that a one-way valve can prevent contamination of the infusion line 11, 20 . Syringe re-use cannot be justified on the basis of cost savings-the cost of disposable syringes is negligible compared to the large cost of a single case of iatrogenic infection (to say nothing of the avoidable human suffering).
the re-use of multi-dose vials has great potential for cross infection and subsequent morbidity and mortality. It has been the source of hepatitis b virus transmission through contamination of a local anaesthetic vial 1 , fatal nosocomial malaria via contamination of multi-dose heparin 6 and the cause of an outbreak of polymicrobial sepsis in a neonatal intensive care unit in which two infants died 5 . the ANZCA guidelines 15 state that the use of the contents of multi-dose vials for more than one patient is not recommended, except in a dispensing situation where different doses are prepared before administration of the first dose to a patient. Similar guidelines apply to the use of ampoules. the effectiveness of using disinfection with multi-dose vials has been studied. A single wipe for five seconds, followed by a one-minute drying period, prevented transfer of organisms in 96 to 100% of tests, compared with 20 to 69% if no disinfection occurred with a needleless system 21 . Many of our respondents fell short of ideal practices in this regard. Appropriate packaging is an essential part of drug safety, and perhaps drug manufacturers should be required to produce drugs only in single use ampoules of the appropriate concentration, and to package them such that only single use is possible 22 .
A number of respondents rarely or never used a clean drug tray for each patient. there is no comment in the ANZCA policy document on this point, but, intuitively, a clean tray for each patient might be expected to improve safe practice, at minimal effort and small financial cost.
Some practices that are contrary to policy may be relatively harmless. In particular, the re-use of the same syringe to deflate airway cuffs for more than one patient was commonly reported by the majority of respondents. this practice would seem to carry little potential for cross-infection, as the syringes do not come into contact with the patient's mucosa.
A proportion of respondents (18%) reported reusing temperature probes between patients, most stating that they were sterilized or disinfected. However, a minority (4%) indicated that the probes were only decontaminated. the ANZCA guidelines state that items placed in the upper airway which may cause bleeding must be disinfected before re-use. this process eliminates many or all micro-organisms, except spores. Decontamination (removing infective and unwanted matter from the surface through cleaning) is insufficient, so it appears that a small proportion of temperature probes are not being cleaned appropriately and could act as potential vectors of cross-infection.
the ANZCA guidelines state only that for each patient, the breathing circuit should be sterilized, decontaminated and disinfected, or protected by the use of appropriately positioned new filters. Our results indicate that the majority of respondents changed circuits at the end of the list or end of the day, but that a few (6.3%) changed circuits less frequently when a problem arose. In this regard the use of breathing filters is critical, and these practices have received greater emphasis following the report of five cases of suspected nosocomial transmission of hepatitis C virus in New South Wales 23 . the majority of our respondents (97.1%) changed filters between every patient. this is more than the 77.2% of anaesthetic departments in the United Kingdom that reported using a new filter for every case several years ago 24 . A small number of respondents (1.5%) stated that they changed filters at the end of the list and one (0.4%) changed it at the end of the day. It appears that viral and bacterial filters are effective at preventing bacterial contamination, but may be less so for viral transmission, the extent of which is unknown 25 . because effectiveness against viral pathogens or tuberculosis is uncertain 26 , some authorities do not support their use 27 . Different types of filters perform differently, particularly after challenges with moisture 26 , and life-threatening obstruction may occur 28 . In addition, the ideal position of placement in a circuit has not been elucidated. Nevertheless, when filters are used solely at the machine end, any proximal circuit, in contact with the patient, should not be re-used. A study in the United Kingdom found that a connector distal to the filter was re-used in 78.3% of patients 24 . Unfortunately information on this matter was not collected in the present survey. If filters are used, we believe they should be placed distal within the circuit, and replaced after every case. If they are not used, or are used more proximally, then it would be prudent to change the circuit after each case.
the majority of respondents complied with ANZCA guidelines for arterial and central line insertion, as well as for neuraxial blockade. More extensive use of drapes, masks, and gowns were reported for arterial lines placed in the intensive care and for longer term monitoring, than for those placed in the operating room. Similarly, full precautions were more likely to be used for epidural insertion than for spinal blockade. the rates for these precautions were comparable to that reported in a previous study of obstetric anaesthetists 29 .
Sellors et al 29 noted that good aseptic technique is not just about using gown, gloves and drapes. they found that 2% of anaesthetists did not wash hands before performing an epidural and thought it was not essential 29 , so such steps cannot be assumed. However, many of our respondents commented that a 'no touch' technique was used, and that they washed their hands before performing invasive procedures. the survey did not include specific questions about techniques of hand-washing, which is the most important aseptic procedure in the prevention of heath-care associated infections 30 . However, the method used is important, because bacterial transfer is greatly increased with wet hands and is significantly reduced with drying, regardless of the method of hand-washing 31 .
the median score of 7 for the perceived role of the anaesthetist in the transmission of infectious agents was higher than that reported in both an earlier American study (mean 4.7) 13 and U.K. study (mean 3) 14 . either New Zealand anaesthetists have a greater awareness of their potential role in cross-infection, or a global change has occurred over time, perhaps influenced by a changing medicolegal environment and greater attention to nosocomial infection in the media.
In conclusion, this study provides valuable insight into the current practices of infection control of anaesthetists in New Zealand. the majority of anaesthetists appear to follow recommended guidelines for infection control, and their practice is no worse, and sometimes better, than practice reported in the past from comparable parts of the world. However, improvement seems desirable and it is hoped that this study may increase awareness of the issues (not all of which are straightforward) and provide an impetus for such improvement.
